The Drell-Hearn-Gerasimov sum rule for the forward spin-flip amplitude of nucleon Compton scattering is decomposed into separate sum rules originating from different isospin components of the electromagnetic current. The resulting sum rules are reexamined using recently available analyses of single pion photoproduction in the region up to photon laboratory energies of 1.2 GeV. All three sum rules receive im.portant non-resonant as well as resonant contributions. The isovector sum rule whose contributions are known best is found to be nearly saturated, lending support to the assumptions underlying the sum rules. The failure of the isoscalar-isovector sum rule to be saturated is then presumably to be blamed on inadequate data for inelastic contributions.
I. INTRODUCTION
The Drell-Hearn- Gerasimov' sum rule for the spin-flip amplitude in forward Compton scattering rests on two assumptions. These are the low. energy theorem2 for the spin-flip amplitude and the validity of an unsubtracted dispersion relation. Since these are simple and relatively well accepted assumptions, and are often used together with additional stronger assumptions in deriving other sum rules, it is of interest to look into the validity of the Drell-HearnGerasimov sum rule in the light of the present experimental data.
In their original paper, Drell and Heam' did attempt to inve&igate the validity of the sum rule for a proton target by using an isobar model of single pion photoproduction. Their results were generally encouraging, but some important contribution from high energy (greater than 1 GeV) seemed to be likely.
Somewhat later, Chau et al. 3 extended the examination of the proton sum rule
by using an analysis of single pion photoproduction through the second resonance region. They found good agreement, without any high energy contribution. Finally, in the course of ananalysis of many sum rules, Fox and Friedman4 have considered the Drell-Hearn-Gerasimov sum rule, using Walker's partial wave analysis 5 of pion photoproduction. They found the somewhat surprising result that while the sum rule involving only the isovector part of the electromagnetic current appeared well satisfied, the sum rule involving one isovector and one isoscalar current (equivalent to the difference of proton and neutron sum rules) was badly violated.
Since that time, there has been a considerable improvement in both the pion photoproduction data and their analysis. In particular, relatively good neutron data are becoming available and have been incorporated in the recent analyses of Pfeil and Schwela' and Moorhouse and Oberlack. 7
Given this changed situation, we reexamine in this paper the Drell-HearnGerasimov sum rules for both proton and neutron targets, with particular attention to their difference.
In the next section, we give the relevant definitions and present the contributions to the sum rules using several recent analyses of pion photoproduction.
In the third section, we present some conclusions.
II. ANALYSIS OF CONTRIBUTIONS
The unsubtracted dispersion relation for the forward spin-flip nucleon
Compton amplitude f2: 
ward scattering amplitude to the total cross section into the intermediate states. Still, one may well hope that the largest contributions come from not too far from threshold, so that the nucleon plus one pion state at least provides an indication of the sum rules saturation.
Single pion photoproduction amplitudes have a simple isospin decomposition5 :
Mf3) corresponds to the isospin 3/2 state and M(l) to the isospin l/2 state created by the isovector part of the photon current; M (0) describes the inter--action of the nucleon with the isoscalar part of this current.
The cross sections of a definite isospin character for one-pion photoproduction are then proportional to the following combinations of amplitudes: There is no systematic trend and further data are necessary, both more accurate and including higher energies, in order.to evaluate this sum rule.
C. The Interference Sum Rule Table III presents the results for the isovector-isBcalar interference sum
rule. This part corresponds to I = 1 exchange in the t-channel, or in other words, to the difference between the proton and neutron Drell-Hearn-Gerasimov sum rules.
It should have a negative value, being proportional to K 2 2 P -K n.
We find agreement between the results obtained with different analyses, where they overlap, and present the values resulting from the Pfeil-Schwela fit for < .45 GeV, 12 'laband from the Moorhouse-Oberlack fit for vlab 2 .45 GeV.
Each of these fits results in a big, non-resonant, s-wave contribution of the wrong, positive sign. This contribution, however, is cancelled almost entirely by the non-resonant part of l+ partial wave in the Moorhouse-Oberlack analysis.
The second and third resonance cause the total result for this sum rule to be of positive sign, which reflects the stronger coupling of these resonances wrong, to the proton than to the neutron. Our total numerical result for the isovector sum rule is in general agreement with previous analyses. 3,4 While contributions from still higher values of vlab need not be small, we expect the contributions listed in Table I to be the largest individual ones, particularly since the sum rule integrands involve the factor l/vlab times a difference of total cross sections which is expected to vanish at high energies.
The isoscalar sum rule presents some problems. Because of the sensitivity of the isoscalar amplitudes to the relatively small differences between the neutron and proton photoproduction data, it is very difficult to achieve reliable values for the isoscalar contributions. Furthermore, Table II shows that individual, nonresonant, partial waves make (cancelling) contributions, each of which is of the order of the expected total value. In such a situation, small shifts in the data or the contributions of inelastic states may easily remove the present disagreement between the total value shown in Table II and that predicted (Iss) by Eq. (3).
In this light, the behavior of the isovector-isoscalar sum rule is puzzling.
Since the isovector sum rule is almost saturated, we have every reason to expect the validity of the underlying assumptions for the interference sum rule as well.
The total contribution in Table III is of the wrong sign, however. This general difficulty had been previously noted by Fox and Friedman4 using an earlier analysis5 of pion photoproduction. We note in particular that there are large non-resonant contributions in the 0' and l+ partial waves, which tend to cancel.
The second and third resonances contribute to the sum rule with the wrong sign. This again is of interest in itself as it violates local two-component duality.
Global duality would still seem to be satisfied for this part of f2 (v ), because the various non-resonant partial waves are cancelling in the full amplitude. This leads one to believe that if the sum rule is to work, it may well be the contributions of quite inelastic resonances, many in low partial waves, that saturate the sum rule.
Unfortunately, the determination of these contributions would be very difficult experimentally.
In summary, we find no reason to doubt the validity of the Drell-HearnGerasimov sum rule. The isovector sum rule's near-saturation even furnishes some direct evidence of support. There seems little reason to be alarmed at the non-saturation of the isoscalar and isovector-isoscalar sum rules at the present stage of photoproduction analysis. What is needed is the more direct experimental determination of olj2 (v ) and u3/2 (v ), using a polarized beam and target, something which is now becoming a real possibility. ,'" 
